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/:Eunbars in brackete refer to the bibliography. Figires a and b are aypendedj

Thig article givee caloulations for the aitemuation of an K,y wave in a
rectangular waveguide, obtained by observing the ropeated renookgom of a trans-
verse wave from the walls of the weveguide. It showe that waves of typs and
Hyy canrot be considered as » partionlar oase of & wave of type Hy, vith a, n< O.

Ar we knov, it 18 possible to propagatc, in a rectangnlar wvaveguids which 1is
_pk £121ed with an insalator and which hes iggelly conducting walls (Figure a), a
~ave of the Iy type, haring a frequency ¢;ax= dyrf and characterized by rectangular
cosponents with the following amplitudes /[ 1

Eym k& sin (X x)y E,mEp=H,=0,
. r\2
Hx-‘———y-g.sm'{_g.x), Hz=(-§) ca:[%rx), ()
skt () 2= ) (1 —=A2), A=, k=& =BT
Y (a.) (& ) ( A%), 2, ’ < 3!
vhere A s=2a {maximun veve leagth for & given wave guide).
According to Brillozin [ 2_/, this wava oan be considered us a result of

meltiple refiections from the walls of the wavegnide (x=0, x=e) of the purely
transverse wave, meeting these walls at an angle of :

¢’4ﬂ: CO&A {2)
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The formation of suck & —a ¢ lc {11L.irated in Flgure b, where a trans-
‘vorae wave with a maximum area of 8=b . CD entsrg tt. wavegulde at the lsft.

- -The rectangnlar components of this vave In the waveguide have the follov-

‘ ing amplitudes.
L.z )&
(Z)™
(3)

‘and -the direotion of propagation, before and after reflection from the wvalls,
Lods eharaoberized by the following egnations

g rlgnz, J.np = X 008, Tz ain@ X coew

o] I 18 ‘enaily seen the.t ‘magnetio: oo\mponentu are generated and give a
ruultins tmverae cowonant vith én-‘amplitudes

H’*—wa-ﬁb’ cespe= Ly S

: In real vavegudes N the eloctricul oondnotivity Y of wvalle is quite large
but sbill finite. The infiial absorption (of a vave), in connection with thls,
ia usmlu ohamctorlzed by the -cosffiolent of atternation

@-2% : ()

where P represents the ;verage losses cf power in the walls per unlt of axial
length of the waveguide, and W repregents the average rate of enorgy flow in
the wavegulde, computed without considering attenuation.

P is usually determined by approximations (/ 1] and /3_7) vhich somstimes
require cumbersome caloulations. Not without interest is the method of determining
P through representation of the repeatedly reflected waves.

It follows from Figure b, that the number of reflections sxperienced by a
purely transverse wave from both walls of widtk b while moving one centimeter aloig
tke axis of the waveguile equals

Nu—écarcp. (6)

The cvefficicat of reflection of the amplitude for a wave with the elactriocal
veotor perpendionlar to the plane uf the indidence equals ([ 4_7, p 70)

Re=— sin 5?-:;,) (n

whsreqf' ig the angle of refractinn, determined by the expression

Jin —_—
—;;'3 == N 'smN Jk

Eere n represents the prin~ipal index of refraction and k the ooefficient of
absorption of the reflecting surface. They are determined bty the well-known
equations of Drude {/k 7, p Th).

S8ince in the cagse of metals, in the presence of mlorowaves the diaplacement

ourrent is negligible, 1.e., in comparison with the conducting ourseat, the
following approximate expressions are acourate snough for our puspraes:

askcﬂ-v—Liv >1 (8

L2 .
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vhers 71 i@ expressed 1in eleccromgneu anits. Iatroducing for the saks of
... abbreviation the value i » u*n? y w¢ obteln after simple computations:

[ [—cas2P
IR" oasﬂp 4n4(l+444) 271461’:'“(}3 (l+4A4}J
|

i 37"""" V / Y (84)

. Taskg” 1-9; 14 1A xau¢ VI g hs | T 44

' Takiug into consldemuon the Mztgng ineguality (8), lét us obtain a simpler
i equ'ouion, a.ccurate up to the term o

IRl= | A= |— €352,

. ,vherc A roprasents e very small magnitude.

B Tharetore the average losgses in the walle of width b are dséterminsd es
- followas”

R=Wo-[R|™)@2anmm 2 222

'I‘o &etmina losges. in valls of width 8, .1t is neeeunry to consider that
nb poi.nt B with coordinate % (Pigure 1) the phase differcnce betwser the o~
eonponents of: the. 1nbarferlna cx'ansverz.e vavu equah

h : 5'-" T .0y tos P
au‘l‘\thorcf!or’e ‘tlie' aquare of the amputude o? the resulting z-conponen\:s ejuals
a1 ()1,
Hz' _ 2 (G—) [l +‘°:83 ¢
The x-comp-~nent is similarly derived:
- 2 2
Z’«,"‘S—-TI‘; H1[=‘£’ Ya (%) [,—'COS 8]1

The square of the amplitude of the resulting field at the surface of the
wall {3 determined obviously by the expression:

2112 TES
H} —l'/x/ -+ H"’
Tois value can be used for computing the losses according to the method of
surface offecea- 7/, p 10k). 1st us obtain the aversge losses in the strsp

(s x 1) 0
1 r 73 F
2 4 = /
ZI'E?VF S Hl d‘x—‘?—m ?{'- . (10)

The value of the average rate of energy flov eatering the waveguide io
determined by the following expreasion:

\"/00-'?:21;'- (E;)‘ b-Co=c ";_ ?_ﬁﬁ (11)
Teking into consideration (5), (9) and (10), we determine the coeffiolent
of attemation of wave H;, !n the wareguide as follows:
-.'-_é cesl g
xb sin g (12)

Introducing the quantities y:‘-‘}"éﬁ \vhere f_ represents the limitiag
frequency for a given wavegaide) and F pecitic rasistaloe exprezsed ia practical
unite) w3 ¢btain

vE ig 4+
6,,=o./19mﬂ;::,— ’ : {(13)

-3 - .
CONFLDENTIAL

COMFIDENTIAL

"Sanitized Copy Approved for Release 2011/07/18 : CIA-RDP80-00809A000600230246-4



whioh corresponds with values determined through other methods ([5_], equation
21L. 26 and 6_7, equation &6.146 ).

e It ie neoeeeary teo point out that, ir the coef: 1cient vf utteauation. pmn
~ioo for Wave Hpn 18 ¢alc lated aceording to the a#thod ‘of surface sffect and ir then
it i determiped for.m = 1, n/= 0, then the coeffictent of attenustion @’j¢
' determined through thls method will differ from (13) by the absence of. diglt
| 21a the' ﬁrst. tern (/71_/, equation 10.3.3).

: : A sinﬂar error oocurs in determining the average current "'10 from current
Van (17, equat;on 10.1.5); this value is found tp be twids as small as tho
'real v'aluo. .

' 'rhe reaeon for theae differencea ia that integration with renreat toy

o ia tha caseiof a Hlo wave introducﬂa the factor b end in the daps of wave,
: 'l;en the square ot the ‘atne. oF coalne e integmted it lutroduces the fhotor
Topfe.s

o 'l'heraforo, the degenurate Hyg: wave oannot bs regarded as' the-limiting.case: of
the Hyp wave, of oourae, this- ohaemtion is carrect. algo in ths osae. of the Hyy
wave. :

In aoaolua on, let ua point ot that thln concapt of the repsat.ezuy rofz.eoung
transrerse wavs makes 1t possible to solve in & simple; ‘eqaation the problem of the
19l change of phsse in the reflection of & wave ‘froa an. ideal.tonductor, i the -
explanation of which the withor vas originany vagio [ 7.7

Actnally, from Figare bt 1b fonwa t.ha.t. the t-anar.iseion of energy by ths
pirely trangverse wave (velooity o) aloag path ZBD ig equivalent to the transfer
of energy aloag the axis of thu wave gnide for a Alstance h (vith a group
velicolty u). In this camc. cbviously, ‘4 follows that

-‘sl-sa%s = sinp<l. (k)

i: estimating phuse velocity v, vhich asccoxrding to (14) must exceed ¢, it
is necessary to consiler that a change of phace of & H,, wave, oocurrlng in
sector h, ocorresponds to,a okange of phase of thid transverse wvave in sector 2BD
328 the 7anid cheage of phese in eflection, glving an additional inorement to the
couzse amounting to = half of a wave length, so that the equivalent course
ooverad Ly a transverss wave la equal to

cas
Thersfore, the following zatfo results:

== glixooste],

whick san be less than one only whon selocti the lover sign of * ; undexr this
condition. the correct ratis ias obtained (. 1_/, p 69).

zl’c
2 .

(] slng.
2==slop

Consequently, in the process under consiieration, it must be assumed that
ia reflections from mstal the wave loss occurs.
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